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Abstract (158 words) 
The study aim was to establish how recruitment maneuvers (RMs) influence lung 
mechanics and to determine whether RMs produce lung injury. Healthy BALB/c mice 
were allocated to receive positive end-expiratory pressure (PEEP) at 2 or 6 cmH2O and 
volume (20 ml/kg or 40 ml/kg) or pressure-controlled (25 cmH2O) RMs every 5 or 75 
min for 150 min. The low-frequency forced oscillation technique was used to measure 
respiratory input impedance. Large RMs resulting in peak airway opening pressures (Pao) 
> 30 cmH2O did not increase inflammatory response or affect transcutaneous oxygen 
saturation but significantly lowered  airway resistance, tissue damping  and  tissue 
elastance; the latter changes are likely associated with the bimodal pressure-volume 
behavior observed in mice. PEEP increase alone and application of RMs producing peak 
Pao below 25 cmH2O did not prevent or reverse changes in lung mechanics; whereas 
frequent application of substantial RMs on top of elevated PEEP levels produced stable 
lung mechanics without signs of lung injury. 
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1. Introduction 
The use of mechanically ventilated rodents to study lung injury and airway disease has 
increased markedly in recent times (Finkelman and Wills-Karp, 2008; Matute-Bello et 
al., 2008). With this has come a recognition that the ventilator settings used have the 
potential to affect respiratory mechanics (Rich et al., 2003; Sly et al., 2003; Duggan et al., 
2005, Allen et al., 2006; Tsuchida et al., 2006). Tidal volume (VT), respiratory rate, 
fraction of inspired oxygen ( O2 I F ), airway pressures (peak  inspiratory, mean airway 
pressure and positive end-expiratory pressure (PEEP)) levels, and inspiratory to 
expiratory time ratio are commonly reported in mechanical ventilation studies using in 
vivo  rodent models to investigate acute and chronic lung diseases. It is essential to 
provide information on ventilator settings in order to facilitate future studies. However, 
apart from specific “recruitment maneuver studies” (Allen et al., 2002; Allen et al., 2004; 
Frank et al., 2005; Koh et al., 2005; Farias et al., 2005; Allen et al., 2006; Allen et al., 
2007; Ko et al., 2008; Jonasson et al., 2008) few experimental studies using mechanical 
ventilation protocols provide detailed information on application, frequency, and type of 
lung volume recruitment maneuvers (RMs). Given that the mechanical properties of the 
respiratory system are specific to the lung volume at which their measurements are made 
(Sly et al., 2003) and to the lung volume history (Zosky et al., 2008), it is surprising that 
details of RMs are not always reported. 
 
In clinical practice, based on the concept of “open up the lung and keep the lung open” 
(Lachmann, 1992), recruitment refers to a dynamic process of reopening non-aerated 
peripheral lung units through a substantial and sustained increase of transpulmonary   4 
pressure in combination with PEEP elevation (Fan et al., 2005). In lung function studies 
conducted in murine models of respiratory diseases, RMs aim at establishing similar lung 
volume history and often precede baseline measurement of lung function. Generally, 
these RMs consist of a series of inflation maneuvers that are either volume or pressure-
controlled and do not include elevation of PEEP. Application of different types of RMs 
reflects different views on how to best recruit non-aerated lung units without producing 
lung injury (Hjoberg et al., 2004; Frank et al., 2005; Allen et al., 2007; Ito et al., 2007). In 
a recent study, Jonasson et al. (2008) showed that application of deep inflations also 
protects against bronchoconstriction and affects outcome respiratory system mechanics in 
healthy and allergen-challenged mice. 
 
The respective impacts of PEEP elevation, inflation maneuvers without PEEP elevation, 
and RMs (i.e. inflation maneuvers plus PEEP elevation) on lung function are not clear in 
mice. The aim of this study was to establish how these maneuvers affect respiratory 
system mechanics and whether they induce or exacerbate lung injury in mechanically 
ventilated mice. We hypothesized that frequent and large RMs provide stable respiratory 
system mechanics, but at the expense of lung injury.   5 
2. Material and Methods 
 
2.1 Animal preparation 
The study protocol was approved by the institutional Animal Experimentation Ethics 
Committee and conformed to guidelines of the National Health and Medical Research 
Council of Australia.  Eight  week old female BALB/c mice (19.2 ± 0.9 g) were 
anaesthetised with an i.p. injection of a solution containing ketamine (160 µg/g), xylazine 
(8 µg/g) in saline. After 10 min a half dose of the anesthetic was administered (the same 
dose was given later throughout the protocol as required). A tracheostomy was performed 
and a 10 mm polyethylene cannula (ID: 0.86 mm) inserted. The mouse was then placed 
in supine position on a heating mat and connected to a computer-controlled ventilator 
(flexiVent
®, Scireq, Montreal, Canada) using the following settings:  O2 I F  0.5, respiratory 
rate 180/min, VT  of ~ 8.0 ml/kg, and  PEEP  2  cmH2O. PEEP was regulated by 
submerging the expiratory line from the ventilator into a water column. Heart rate and 
transcutaneous oxygen saturation were monitored via a small animal pulse oximeter 
(MouseOx
TM, STARR Life Sciences Corporation
TM, Oakmont PA, USA) by placing the 
non-invasive sensor on the tail. 
 
2.2 Measurement of respiratory system mechanics 
Lung volume history was standardized by three pressure-limited (up to 20 cmH2O) 
inflation-deflation maneuvers applied within 5 min. Then, baseline measurement  of 
respiratory system input impedance (Zrs) was performed using the low-frequency forced 
oscillation technique (FOT) provided by flexiVent
® system. Zrs was obtained by a 4-s   6 
oscillation signal of 13 mutually prime frequencies from 1.0 to 20.5 Hz applied to the 
airway opening of the mouse during a pause from mechanical ventilation. The “constant-
phase” model was fitted to the resulting Zrs (Hantos et al., 1992), allowing the estimation 
of airway resistance (Raw) and inertance (Iaw), and the coefficients of tissue damping (G) 
and elastance (H). Except for data points coinciding with the heart rate or its harmonics, 
the constant-phase model fitted well to impedance data. 
 
2.3 Experimental protocol and allocation of animals 
Lung volume recruitment was achieved by a combination of changes in PEEP level (i.e. 2 
and 6 cmH2O) and application of inflation maneuvers (IM) at different time points (i.e. 
every 5 or 75 min) during the 150 min protocol. IMs were delivered either in a volume-
controlled manner without pressure limit (20 ml/kg or 40 ml/kg) or in a pressure-
controlled mode (25 cmH2O). The IMs consisted of a 3-s ramp duration to reach preset 
volume or plateau pressure and a 3-s hold followed by passive deflation to the predefined 
PEEP level.  
 
After the first Zrs baseline measurement, animals were allocated to study groups differing 
in PEEP level and IM frequency and mode (n=7 mice/group). Six study groups (1a-6a) 
received different IMs while the PEEP level was unchanged at 2 cmH2O throughout the 
protocol: 20 ml/kg every 5 min (Group 1a) or every 75 min (Group 2a), 40 ml/kg every 5 
min (Group 3a) or every 75 min (Group 4a), and IMs to 25 cmH2O every 5 min (Group 
5a) or every 75 min (Group 6a). In another six study groups (1b-6b) PEEP was increased 
from 2 to 6 cmH2O shortly before application of the first IM and then remained at 6   7 
cmH2O throughout the study: 20 ml/kg every 5 min (Group 1b) or every 75 min (Group 
2b), 40 ml/kg every 5 min (Group 3b) or every 75 min (Group 4b), and IMs to 25 cmH2O 
every 5 min (Group 5b) or every 75 min (Group 6b). Two additional groups were 
ventilated at a PEEP of 2 cmH2O (Group 7a) or 6 cmH2O (Group 7b) without any 
application of IMs. In the latter group (Group 7b) PEEP was increased from 2 to 6 
cmH2O shortly after the first baseline measurement. 
 
Zrs  measurements were performed every 15 min and included pre-  and post-IM 
measurements for the study groups 1a-6a and 1b-6b. At each time point four Zrs spectra 
were collected within 90 s and the corresponding values for Raw, G, and H were averaged. 
The PEEP level was left unchanged at either 2 or 6 cmH2O to prevent lung derecruitment 
during measurements and the oscillations were delivered on top of these PEEP levels. 
 
2.4 Sampling and processing of bronchoalveolar lavage fluid (BALF) 
At the end of the study period lungs were lavaged via the tracheal cannula with 0.5 ml of 
sterile 0.9% saline solution. The lavage solution was instilled in and out of the lung three 
times and ice cooled until centrifugation at 400 g for 4 min. Supernatant was collected 
and frozen for later analysis of tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6), 
macrophage inflammatory protein-2 (MIP-2), and total protein. The cell pellet was 
resuspended in phosphate buffered saline and an aliquot was stained with Trypan blue to 
obtain a total cell count using a haemocytometer. A second aliquot was centrifuged onto 
a slide and stained with Leishmann’s to obtain a differential cell count using light 
microscopy by counting 300 cells from each slide. Concentrations of TNF-α, IL-6, and   8 
MIP-2 were measured in all samples by using specific enzyme linked immunosorbent 
assays, following the manufacturer’s instructions (BD Biosciences, San Diego, 
California). Total protein was analysed using a colorimetric Bio-Rad protein assay (Bio-
Rad, Regents Park, NSW, Australia). 
 
2.5 Analysis of lung tissues by morphology and morphometry 
Lungs were fixed with 10% phosphate buffered formalin (PBF) instilled via the 
endotracheal tube at a pressure of 10 cmH2O. Two hours later the lungs and heart were 
removed en bloc from the thoracic cavity and stored in a PBF filled container overnight. 
At the time of processing the heart was dissected free and the remaining tissues were 
processed whole in paraffin, and embedded with the caudoventral aspect down. Sections 
were cut at 5 μm from the caudoventral aspect to include as many lung lobes as possible, 
and stained routinely with haematoxylin and eosin. Inflammatory cells in the histological 
sections of lung were counted by blindly selecting ten fields at x100 (oil immersion) from 
each section. In each of these ten fields, the number of erythrocytes, alveolar 
macrophages, alveolar neutrophils, and septal neutrophils was counted. To determine the 
degree of lung inflation by morphometry, ten fields from each lung section were blindly 
selected and digitally captured under the x40 objective. A 100 point grid was 
superimposed over each image, and the number of grid intersection points that coincided 
with an alveolar wall was determined. For each animal, the sum of the grid counts over 
the ten digitized images was taken as the relative inflation score. The pathologist was 
blinded to the study groups. Five lungs in each of the following groups were rated: PEEP 
2 – no IM (group 7a), PEEP 6 – no IM (group 7b), PEEP 2 – inflation with 40 ml/kg   9 
every 5 min (group 3a) or every 75 min (group 4a), and PEEP 6 – inflation with 40 ml/kg 
every 5 min (group 3b) and every 75 min (group 4b). The selection of these groups was 
based on the assumption that comparison between control groups (7a and 7b) and groups 
undergoing large inflations would be adequate to demonstrate lung injury in tissue 
samples. 
 
2.6 Statistical analysis 
One-way analysis of variance (ANOVA) with Holm-Sidak post-hoc tests was used for 
histology score and baseline comparisons of Zrs  data, peak airway opening pressure 
levels, and BALF outcome parameters. For repeated physiological measurements 
repeated measures ANOVA with Holm-Sidak post-hoc tests were used (Zrs values were 
only compared at equivalent PEEP levels). Data were transformed where appropriate to 
ensure the assumptions of normality and equal variance were satisfied. Where this was 
not possible equivalent non-parametric comparisons were used. P < 0.05 was considered 
statistically significant.   10 
3. Results 
 
3.1 Zrs values and peak airway opening pressure levels at baseline 
After standardization of lung volume history and before allocation to study groups no 
differences were found for Raw, G, H, and peak airway opening pressure (Pao) levels 
between study groups (p>0.49 in all cases) (Figs. 1 and 2, Table 1). 
 
3.2 Raw after lung volume recruitment at PEEP level of 2 cmH2O  
Compared with baseline values Raw statistically significantly increased at 150 min in the 
control group (Fig. 1A). IMs with 20 ml/kg resulted in steady Raw values (p>0.17 in both 
cases) while frequent (i.e. every 5 min) application of IMs to 25 cmH2O or with 40 ml/kg 
produced a statistically significant but physiologically unimportant decrease in Raw over 
time. When comparing study groups at the end of the protocol we found small but 
statistically significantly higher Raw  in controls when compared to groups receiving 
pressure controlled IMs or IMs of 40 ml/kg. 
 
3.3 G and H after lung volume recruitment at PEEP level of 2 cmH2O  
G steadily and significantly increased from baseline to the time points 75 and 150 min in 
controls and study groups receiving IMs of 20 mL/kg (Fig. 1B). Application of more 
substantial and frequent IMs (25 cmH2O and 40 mL/kg) resulted in stable G values. 
Similarly, to significantly decrease the steady rise of G in groups receiving intermittent 
IMs, large IMs were necessary. A general pattern of progressive increase in H over time 
can be seen in all groups apart from those given large IMs (40mL/kg or 25 cmH2O) every   11 
5 minutes (Fig. 1C). Where a single IM was given every 75 min, an abrupt decrease in H 
was seen; however H subsequently increased along the same trajectory.  
 
3.4 Raw after lung volume recruitment with PEEP level of 6 cmH2O  
In the study groups 1b, 3b, 5b, and 7b PEEP was increased to 6 cmH2O after baseline 
measurement, whereas in study groups 2b, 4b, and 6b PEEP was only elevated to 6 
cmH2O during application of the first IM at 75 min. When PEEP was increased from 2 to 
6 cmH2O Raw decreased in all groups, regardless of the timing of the increase in PEEP 
(Fig. 2A). From the time point 15 min on, Raw statistically significantly rose over time in 
the control group with 6 cmH2O PEEP. Frequent IMs with 20 ml/kg and 40 ml/kg 
produced a statistically significant but physiologically unimportant rise and fall, 
respectively, in Raw. After 150 min Raw values of controls were significantly higher when 
compared to all other groups, except for infrequent IMs with 20 ml/kg (p=0.08).  
 
3.5 G and H after lung volume recruitment at PEEP level of 6 cmH2O 
In the control group G steadily and significantly increased until the end of the protocol 
(Fig. 2B). After the time point 15 min, irrespective of the magnitude, frequent application 
of IMs produced stable G values. When a sporadic IM was given every 75 min, large IMs 
(40 mL/kg) were required to significantly decrease G values. IMs given every 5 minutes 
on top of a PEEP of 6 produced a stable H over the ventilation period (Fig. 2C), 
regardless of the type of magnitude of the IM. Less frequent IMs were associated with a 
progressive increase in H up until the time the IM was applied; with a subsequent 
increase in H following a similar trajectory (Fig. 2C).   12 
 
3.6 Pressure-volume relation during the 3-s ramp inflation 
In Figures 3A to D typical examples of the pressure-volume relation during the first 3-s 
of the ramp inflation maneuver are given for one animal per study group (1a-6a and 1b-
6b). Delayed application of the first RM at the time point 75 min (Figs 3B and 3D) 
resulted in lower values of inflation volume at a given Pao when compared with early 
application of RMs. Irrespective of the time point of first RM application and the PEEP 
level, inflation above ~25 cmH2O was followed by another steep rise of the inflation limb 
without signs of flattening up to a peak Pao of 35 cmH2O. 
 
3.7 Heart rate and transcutaneous oxygen saturation (Table 2) 
No differences were found between study groups at baseline and at the time points 75 and 
150 min (p>0.13 in all cases). Over time heart rate significantly decreased when 
compared to baseline values. 
 
3.8 Cell counts, total protein and cytokines concentrations in BALF 
BALF analysis for total (p=0.14) and differential cell counts (macrophages p=0.10, 
neutrophils p=0.73) produced no difference between groups. Results from measurement 
of TNF-α, MIP-2, IL-6, and total protein are displayed in Table 3. 
 
3.9 Analysis of lung tissues by morphology and morphometry   13 
Numbers of alveolar macrophages and erythrocytes, and alveolar and septal neutrophils, 
as well as lung inflation scores, determined by morphometry (Fig. 4), are presented in 
Table 4.   14 
4. Discussion 
In the present study we found that frequent application of substantial IMs on top of 
elevated PEEP levels results in stable respiratory system mechanics without causing lung 
injury after short-term ventilation with low VT. We also showed that both an increase in 
PEEP (without use of IMs) and application of IMs resulting in peak Pao below 25 cmH2O 
are insufficient to prevent or reverse increases in Raw, G, and H. 
 
In murine models, absence of IMs or application of mild IMs that do not result in an 
increase in peak airway pressure >25 cmH2O throughout mechanical ventilation, results 
in the gradual development of atelectasis, particularly during low VT ventilation with low 
PEEP (Allen et al., 2006; Thammanomai et al., 2007). Progressive atelectasis may lead to 
ventilation-perfusion mismatch, ventilation inhomogeneity, shear stress, and eventually 
lung injury (Duggan et al., 2003; Lapinsky and Mehta, 2005). When using a volume-
controlled ventilation mode, reduction in lung volume not only results in a fall in 
compliance and higher peak pressure levels, but also causes lung injury by overdistension 
of the remaining open lung units (Tsuchida et al., 2006).  Benefits of RMs include 
prevention and re-opening of atelectasis, improvement of compliance and gas exchange, 
and prevention of derecruitment-associated lung injury (Koh et al., 2005). However, RMs 
have also been reported to be transient, ineffective, and injurious (Musch et al., 2004); the 
harmful effects include overdistension of open lung units, low ventilation-to-perfusion 
ratio, and reduced venous return via increased intrathoracic pressure. 
   15 
Mechanical ventilation with low VT and low PEEP in the present study resulted in a 
physiologically unimportant increase of Raw (~10%) and in a significant increase in G 
and H (~45% and ~90%, respectively) over time. Increases in G reflect energy dissipation 
and are associated with a rise in lung tissue resistance and/or regional heterogeneity as a 
result of peripheral airway constriction (Bates and Lutchen, 2005). H reflects energy 
storage in lung tissues, represents lung stiffness, and correlates with lung volume (Allen 
et al., 2007; Cannizzaro et al., 2008). Hence, the alterations of estimates of respiratory 
system mechanics after low VT-low PEEP ventilation are consistent with a progressive 
loss of lung volume secondary to atelectasis. This is supported by the almost linear 
increases of G and H reflecting gradual airway closure (Irvin and Bates, 2003). In order 
to prevent this progressive atelectasis we applied IMs in a volume-controlled manner 
without pressure limit or in a pressure-controlled mode. Volume-controlled IMs delivered 
a fixed VT and resulted in peak Pao determined by lung compliance. In contrast, pressure-
controlled IMs ensured that a selected peak Pao was not exceeded, but provided different 
VT depending on respiratory mechanics. 
 
PEEP alone was not able to prevent the progressive rise in Raw, G, and H in the present 
study, although the rate of apparent loss of lung volume appeared to be slower when a 
PEEP of 6 cmH2O was employed. This finding is in line with results from recent studies 
(Farias et al., 2005; Ko et al., 2008). Although the PEEP level of 6 cmH2O was chosen 
arbitrarily, we anticipated that this level was likely to be adequate to prevent 
derecruitment in mice with healthy lungs ventilated for a short period. However, it is 
conceivable that higher PEEP values may have prevented loss of lung volume.   16 
Comparison of pressure-controlled RMs showed a greater decrease in H after IMs with 
PEEP 6 when compared with PEEP 2. However, when comparing the course of Raw and 
H after the time point 15 min, we found similar rates of relative changes at both PEEP 
levels. These results suggest that during pressure-controlled RMs a PEEP of 6 cm H2O is 
more effective than a PEEP of 2 cmH2O at reversing estimates of respiratory mechanics 
initially, but equally inadequate to impede alterations thereafter. 
 
The stability of H after application of frequent and large RMs indicates that full 
recruitment of lung units was probably achieved after the first RM. Infrequent application 
of large RMs had transient effects on H; however the pattern of progressive increase in H 
after the IM followed a similar trajectory to that seen before the IM. This finding is in 
line with those from other studies in animals with healthy and pre-injured lungs (Mead 
and Collier, 1959; Allen et al., 2002; Allen et al., 2004; Frank et al., 2005; Allen et al., 
2006; Ko et al., 2008) and may reflect inadequate PEEP during low VT ventilation. 
 
We assessed the inflammatory response to the various ventilation patterns using counts of 
inflammatory cells and measurements of TNF-α,  MIP-2,  and IL-6 in BALF. These 
chemoattractants have been shown to be important mediators in the development of VILI 
(Frank et al., 2006) and to be elevated (IL-6) after injurious short-term ventilation in 
healthy mice (Allen et al., 2006). In line with results from others (Frank et al., 2005; 
Allen et al., 2006) application of RMs producing transient elevations in peak Pao did not 
increase cytokine concentrations in BALF. However, it is possible that the duration of 
our protocol was too short to induce cytokine production. Similarly, total protein   17 
concentration did not differ between study groups, indicating that RM-induced stretch of 
airways and alveoli did not adversely affect epithelial-endothelial barrier function (Parker 
and Townsley, 2004). Also, absence or application of RMs had no impact on 
transcutaneous oxygen saturation; however, it should be noted that healthy lungs were 
ventilated over a short period of time and  O2 I F  of 0.5 was delivered in order to avoid 
survival issues. 
 
In the present study only large IMs resulting in peak Pao above 30 cmH2O produced 
overall improvements in respiratory mechanics, whereas IMs reaching peak Pao values at 
or below 25 cmH2O did not reverse the ventilation-induced increases in Raw, G, and H. 
By contrast, repetitive IMs with 40 ml/kg (especially superimposed on a higher PEEP), 
producing peak Pao values above 35 cmH2O, provided the most significant improvement 
in lung function and stable respiratory system mechanics with little intra-group 
variability. This finding is closely linked to the development of a “secondary” pressure-
volume sigmoid with lung inflation beyond 20 cmH2O (Zosky et al., 2008), which makes 
total lung capacity difficult to define in mice (Soutiere and Mitzner, 2004). This bi-modal 
pressure-volume behaviour was demonstrated in some small species long time ago (Leith, 
1976); however, its importance was not recognised until recently (Soutiere and Mitzner, 
2004; Zosky et al., 2008). The findings in the present study therefore support the view 
that the improvement of estimates of respiratory system mechanics after large RMs is due 
to fundamental changes in quasi-static and dynamic lung compliance, as substantiated by 
the inflation PV curve and the values of Raw, G, and H, respectively. Though the 
mechanisms responsible for the increased lung compliance above Pao of 25 cmH2O are   18 
not clear, alveolar unfolding and surfactant redistribution have been proposed as possible 
explanations (Soutiere and Mitzner, 2004; Escolar and Escolar, 2004), while others 
suggest that alveolar mouths, previously closed by a surfactant-lined liquid film, open 
during recruitment of peripheral lung units at high transpulmonary pressures providing a 
new population of available alveoli (Scarpelli, 1998; Kitaoka et al., 2007; Namati et al., 
2008). A structural reorganization of peripheral lung units resulting in an increased 
number of alveoli and homogeneous ventilation may explain why our initial hypothesis, 
i.e. frequent and large RMs would induce lung injury via overdistension, could not be 
confirmed in this study. 
 
The following limitations of the present study have to be acknowledged. First, given that 
there is no consensus on how to recruit non-aerated lungs we arbitrarily chose different 
types of RMs. It is likely that the time interval between RMs, duration of RMs, ramp to 
plateau ratio, and degree of PEEP and IMs  result in different findings. Nonetheless, 
application of higher PEEP levels or longer duration of RMs (e.g. over 30 s) usually 
compromise survival due to decreased cardiac output. Secondly, though it is true that 
development of derecruitment and response to PEEP and IMs depend on the type and the 
degree of a pre-existing lung injury (Allen et al., 2004), our study aim was to investigate 
RMs in healthy lungs since lung function measurements are often performed in healthy 
mice. Lastly, since the phenomenon of a second sigmoidal inflation limb has not been 
reported in humans, conclusions from our study are not applicable to clinical practice. 
   19 
In conclusion, infrequent application of large RMs is sufficient to reverse 
increases in bronchial resistance and lung elastance in mice with healthy lungs. To 
maximize lung volume recruitment throughout mechanical ventilation protocols using 
ventilation strategies of low VT and “adequate” PEEP, repetitive IMs reaching peak Pao 
values above 25 cmH2O are required to provide stable respiratory mechanics. This is 
particularly useful in animal model studies where similar baseline conditions after 
standardized procedures are desirable. Furthermore, frequent application of substantial 
RMs  resulting in peak Pao  beyond 35 cmH2O  provides stable respiratory mechanics 
without histological signs of lung injury and without elevation of TNF-α, IL-6, MIP-2, 
and total protein concentrations in BALF during short-term mechanical ventilation in 
mice. Finally, given the impact of RMs on respiratory system mechanics documented by 
the present study requires that the specifications of PEEP and IMs used are reported in all 
studies investigating the effects of mechanical ventilation in mice. 
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FIGURE LEGENDS 
 
Figure 1 
Impact of inflation maneuvers on lung mechanics. Airway resistance (Raw, Panel A) and 
coefficients of tissue damping (G) and tissue elastance (H) (Panels B and C, respectively) 
are displayed as a function of time on the ventilator. PEEP was left unchanged at 2 
cmH2O. Data are expressed as group means ± standard error of the mean. Differences 
between groups were significant (see results section for details). 
 
Figure 2 
Impact of inflation maneuvers and PEEP elevation on lung mechanics. Airway resistance 
(Raw, Panel A) and coefficients of tissue damping (G) and tissue elastance (H) (Panels B 
and  C, respectively) are illustrated as a function of time on the ventilator. Data are 
expressed as group means ± standard error of the mean. Differences between groups were 
significant (see results section for details). 
 
Figure 3 
Inflation volume versus airway opening pressure recorded during the first part of the 
inflation maneuver (3-s ramp). Panels A and B show inflation limbs during the first 
recruitment maneuver (RM) applied on top of PEEP 2 cmH2O at the time points 5 or 75 
min, respectively. Panels C and D illustrate inflation limbs during the first RM at the time 
points 5 or 75 min, respectively, obtained shortly after PEEP elevation from 2 to 6 
cmH2O. One typical example for each group is presented.   26 
 
Figure 4 
Photomicrographs of representative lung features. A: Example of alveolar macrophages, 
encircled (x100 oil). B: Alveolar red cell, encircled (x100 oil). C: Neutrophil, encircled, 
within alveolar septum (x100 oil). D: Alveolar neutrophil, encircled (x100 oil). E: Grid 
superimposed for counting alveolar septal intersects, with negative intersection encircled 
(x40).  F: Grid superimposed for counting alveolar septal intersects, with positive 
intersection encircled (x40). 